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Spearman's formulation lof aialogidal reasoning as a three-stage process 
(apprehension of elements, fduction of relations, and eduction of correlates) 
appears to be useful in .th^study of an^logical reasoning. In this project, 
minimizing the role of eleipnt apprehension and manipulating relation educ- 
tion levels resulted in thC^nexpected findiilg of minimal effects due to 
social class. It is conclied that the effects of social class differences 
on analogical reasoning artto be folind primarily in the stage of apprehend- 
ing the elements. 
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Project findings also le^ to the hypothesis that the iDost important stage in 
analogical reasoning is the eduction of ^ correlates. *An advaxtage in educing 
relations that isr" given to a group exerts only Biiniioal influence on the, test 
performance outcome. . • ' 

The finding a hierarchical ordering of preference for relations in the 
solution of analogy problems furtlier clarifies the locus of the effects of 
social class specifically, and culture, generally, on analogy test performance. 
These effects are contingent on the elements and the relations embodied In the' 
analogy test. . , ' . 
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Effects of .Social Class Differences on 
Analogical Reasoning < 
Rene' V. Dawis 

Oppenheimer (1956) calls analogy the "indispensable and inevitable tool" 
ixi the ♦task of scientific discovery arfd invention. The importance of analogi- 
cal reasoning as a cognitive ability can be sfeen in its almost universal -use 
as a test item type in psychometric measures of intelligence or general iental 
ability (Dawis & Siojo, 1972, Technical Report No. 1). Spearman (1927) con- 
sidered analogical reasoning as the essence of intelligence. 

Yet, for all its apparent importance, little effort has been devoted by 
psychologists to the study of the analogical reasoning process as contrasted 
Vith'the psychometric use of analogy test items. The few exceptions toVhis 
observation include studies that found the solution of verbal analogy items to 
depend on word associatiem (Gentile, Gentile, & Kesslej, 1969; Goldstein, 1962; 
Scheerer, Rothman, & Galdstein, 1945; Willner, 1964) and on word knowledge, ■ 
i.e., vocabulary lev^ (Gentile, 1968; Gentile et al . , 1969-; Willner, 1964). 
Thesi findings appear to have some bearing on the consistent report of social 
class differences in analogy test performance, in favor, of course, of the 
higher social class (Tyler, 1965). 

This project was originated and designed with two objectives In mind: 
• The general objective was to investigate the an/logical reasoning proces^^-SS^ 
it is manifested in the solution of analogy test items. The specific objective 
was to investigate the effects of social class differences on this process. 

/ 

A,/ survey of the literature (Dawis & Siojo, 1972) convinced the principal 
inve/tigator of the utility of Spearman's theory (Spearman, 1927) for the pur- 
po^^es of the project.. According to Spearman, analogical reasoning proceeds in 

three stages: . 

/ 



■ . , -2- ■ . . 

* * 

\ 1. The elements are. apprehended. ' ^* > 

2. The relation binding the elements is "educed." 

3. The "correlate" is educed, giv<|fe the previously, educed relatitm. - 
Applied to the analogy' test item of the forpi a^: b :: c : ?, solution of 

• V ' ' % ^ • 

the item would entail: " * . 

, ^* 

1. apprehending (identifying^ unders tandingV eleitents a, and c (e.g., 
- ^ three words in a verbal analogy test ^.tem) ; 

* ^ 2. educing the relation that binds the a : b pair together; and 
' - ^ .^3. :u»ing the educed a : b relafioii to solve the c* : ? pair by educing 
the appropriate corr^latd, 'd, that has the same relation to c as b 
has to a. ^ ^ 

^The Spearman formulation suggests that three variables influence the sol- 
ution of analogy test, items: 
• ^ 1. .level of difficulty of apprehending the elements; . 

2. type of relation; and 

.3. level of difficulty of educing a given relation in a given element 
pair. ^ \ 

In the. case of verbal analogies, the first variable would be a function 
•of vocabulary level or Ipvel of difficulty of thfe words used in the analogies. 
Because of the well-known differences in vocabulaf^' level (as wpll as type of 
v<icabulary) between social classes, it was decided to" hold .this variable con- 
stant sincre it presumably gave the advantag^e to the higher social class. 
Ad4itionally, vocabulary level is apparently confounded with. analogical 
reasoning ability in typical , psychometrit vei^bal analogy tests, since scores 
on such- tests correlatSS^ighly (.70s and .80s) with vocabulary test scores 
(Dawis & Siojo, 1972). Hence to isolate the'analogica-l reasoning process, , it 
■ was f^Htecessary to eliminate or minimize the confounding effects of vocabu- 

lary^level. . / 
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It was also decided to include pictorial analogies in the study. Accord- 
ing to Guilford (1967), there are separate factors for analogical reasoning 
("cognition of relations") Mien applle,d to the different "contents", of 
"semantic" (verbal) and "figural" (pictorial) material. On the other hand, 
Tinsley and Dawis (1972) found high equivalence between verbal. and picture 
analegy t6^t items, leading them to conclyde that parallel forms of word and 
picture analogy tests could be constructed*. • Furthermore, in^ublished 
research,- Ace and Dawis in 1971 found that a verbal ^analogy test showed the 
expected difference between higher and lower social class groups, while an 
equivalent picture -analogy test did not. 

• . ' Method 

Development of Che Pool of Element J>alr9 

, : ' ^ N 

A list of, verbal analogy items was compiled from available psychometric 

♦ 

tests. These items.were then "decomposed" into word pairs. Pairs were elimin 

ated if they included, words not found in the Thomdike-Lo.rge list of 5,000 

most frequently occurring words or in the. Dale-Chall fourth grade list^ Aug- 

* 

, mented by staff-written word pairs, a list of 1,000 Wd pairs wafe compiled. 
'An additional 500 word pairs were derived from the Russell-Jenkins (1954) word 
association norms. ,.Five word pairs were constructed for each Kent-Rosanof f 
•stimulus word: one pair with the most frequently occurring response word, one 
pair with a unique response word, and *three pairs with response words of inter- 
mediate frequencies of occurrence. All words had to .meet the criteria of word 
difficulty mentioned abpve. 

^ Line drawings were made of words in the preceding word-pair list that 
could be drawn. Drawings of coranon objects and events not founjj in the 
wofd-pal^ list were added, making a total of 900 pictures. The [pictures 
were submitted to 971 ninth and tenth grade high school students for iden-- 
tification. Only pictures with at least 903: "correct" identification were 



• _ -A- 
retained. The nKxfal word given as identification of' the' picture was used as 
its word^equivalent. (See 'Haynes, Dawis, Siojo,, & Soriano, 1973, Technical ^ 
Report No. 2^ for more details). * * . ' • 

Picture pairs* were then constructed to parallel (be equivalent to) the 
word pairs in the study list. Some picture pairs with no word^ir equivalents 
(i.e., not in. the word-pair Tist) were constructed, to make a total pool of 500 

r 

picture pairs. . , 

Development of the List of Relations ^. 

Whitely (1973), in a dissertation conducted under the supervision o^ th4 
principal investigator, utilized latent partition analysis (Wiley, 1967) to 
investigate student self-bounded classification of velfbal analogy items accord- 
ing to similarity of relation. Eight relations were identified as accounting 
for much' of the manifest categories and were selected for use in the project. 
44ditional relations were identified, screened for similarity to the eight 
_previp_usly selectLed,. and added to the list. The following list of relations^ 
was -adopted for use in the study, the first eight being from Whij^ly's stnidy: 

1. Class-)!emberi (inclusion ^of one in the other) 

2. Activity/Use (performing £he same activity 6r having the sam^AiSe) ^; 

3. Functional (performing some activity on ©r for the other) > 

4. Similarity/Equivalence 

5. Conversion/Process (one is^' converted or processed from the oth«r) 

6. Order/Time (following one, another in an order ftr dn time) 
. 7. Opposite , ' ^ 

• 8. Cause-Effect • * * * . 

9. Pattern (having similar form patterns) 

10. AKsociation (being associated together) ' 

11. Superior/Inferior (in power or authority) 

12. Degree (more than or less than) ' * ^ ' , , ' 



' . -5- 

' /13. Part^-Whole (as distinguished from Class-Member) 
^ 14. Worker /Tool-Product (specific associatloir) 
15. • Position (spatial or ordinal relation) 
In the course of the project, only the first 10 relations were used In the 
studies on verbal analogies and-*with the (exception of Relation 4 (Similarity/ 
^ Equivalence) for. which Relation 14 (Worker/Tool-Product) was substitutedr— in 
^the studies on picture analogies as veil. 
Det^rqiination of Relation Eduction Inflex for Element Pairs 

A quantitative index was needed to operationalize the variable, "level of 
difficulty of educing^ a given relation in a given element pair."*' The index 
chosen was the percentage of a group of subjects who indicate that a given 
relation is present in a given word pair or. picture pait. This index was called* 
the "relation eduction index" tREI): 

^ The major data collection effort in this* project was devoted to collecting ' 
REI norms. REI data were obtained for tUe first eight relations on the 
first 1,000 word pairs" from an undetermined number of college students (Soriano, 
Dawis, & Siojo, 1974, Technical Report No. 4); for the first 10 relations on all 
• 1,500 word .pairs, from 3,486 high school students (Dawis, Haynes, Soriano & 



Siojo, 1974, Technical ReportVo. 5); and for 10 relations on the 500 picture - 
pairs, from 3,311 high school students (Haynes, Dawis, Monson, Lopez, & Soriano, 
1974, Technical Report No. 6). The college student sample'was quite homogene- 
ous in age, ability, e^cation and, to a leaser extent, social class :\ The higK 
school samples were more heterogeneous, and biographical data were obtained on 
grade in school, schoj)l, sex, ag^, race, number of children in-family, reported 

4 • 

0 'annual income, housing, father's- education, mother 'sYeducation, -father Is occu- 

pation and-mothgr's occupation. These data^re utilized to study the effects 
of the demographic factors of sex, race, -and sqcial class on the REIs. (See: 
Dawis, Soriano, Siojo, & Haynes, 1974, Technical Report 3; Haynes, Dawis, & 

ERIC ■ • 9 . 



-6- ^ . ' 

Soriano, 1975, Technical Report No. 7). ^ 

Construction of Biased and Unbiased Verbal Analogies - 

With REI information, it is possible to cp^truct verbal analogies to speci- 

* • *' 

fication, i.e., specifying what is desired in both stimulus and response pairs 

. ^ (including both "correct" response and distracters) . Type of dominant relation 
and REI level can be varied simultaneously. With information on the effects of 
demographic factors, e.g., social class, it is further possible to construct', 
verbal analogies biased in favor of one group or another, i'^e., with REI levels 
favoring one group or another. 

Accordingly, to investigate the effects of social class on analogical 
reasoning, verbal analogies were constructed to be biased^ in favor of the higher 
social class, likewise the lower social class, and ca-^e' Unbiased (favoring 
neither group). Utilizing the data given in Technical Reports 3 and 5, 12 items 
were constructed to be biased in favor of the higher social class ("biased-high"), 
nine items biased in favor of the lower social class ("biased-low") and 21 items 
that were unbiased. "Social class" in this item construction was defined by 
reported annual family income, with those reporting over $10,000 being classi- 
fied as "high" social class, and those reporting "10,000'and below as "low" 
social class. Stimulus pair and "corr^t" ;*esponse pair (same relation) were 
matched for REI level in the keyed relation. Distracter pairs were matched in 
REI level—but for the "wrong" (non-keyed) relation—with- the stimulus "pair . 
j^.-^ Distracter pairs had lower REIs on the keyed relation than the correct-response 
pair. Thq construction of biased items utilized word pairs appearing in 
Technical Report No. 3 for both stimulus and correct-response pairs (i.e., both 
sl^imulus and correct-response pairs were selected to have REIs on the keyed 
relation in favor of the group being favored) ^ ^ 
Stiudy of Biasing Effects, of Social Class 

Three samples were used in this study: 440 mostly white 12th grade students 

ERIC ' 10 



In a Twin Cities area high school;* 170 white 12th grade students from two 
M^hls area high schools, and 136 nonwhlte 11th and 12th grade students from 
the same Memphis area high schools. The three groups of Item8-12 biased-high. 
9 biased-low, and 21 unblased-were administered to the subjects by their 
teachers In a single one-hour session. 

For data analysis, the subjects were classified into "high" and "low" 
social class groups according to a weighted combination of reported annual 
, family Income, father's education and father's Occupation. The upper 25Z &f the 
group was defined as "high" and the lowest 25% of the group waa defined as "low" 
social class. Group differences were examined at the test (item group) level 
and at the item level. 

Study of the Hierarchical Ordering of Relations 

Using REI Infomatlon, 2-cholce items were 'constructed, in which the stim- 
ulus pair had equivalent Rrfs for two keyed relations and the two response 
pal^s had opposite patterns of REIs , high for one keyed relation and low for the' 
other. Thus, cholc^ of one response pair would indicate preference for, or the 
dominance, of, one relatloti over the other. S 1^ ty-ei^ljrt ft^ were constructed, 
representing 14 pairings of eight relations out of a possible 28 pairings^ 
(Despite the large number of word pairs available, a complete paired-comparison 
matrix of pairings was not realizable.) The items were administered in a counter- 
balanced design to 71 college students. (See Technical Report N|D. 8, Monson & 
Dawls, 1975, for more details.) 

I 

. Results , » 

1. As the REI norms (Technical Reports 4, 5, and 6) show, different ' 
relations have dlfferfent REIs for the same word pair ox picture pair; and, dif- 
ferent word pairs or picture pairs have different REIs for the same relation. 
(Despite tjie^large number of subjects jjarticipating in th^normative studies, 
the cell JMMS: are telatlvely small, with the SE ranging 'frotoy4 to llZ; hence 
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the REIs may be somewhat unstable. However, extreme REIs, eithi^r high or low, 
can be utilized with confideijce. ) TKis basic finding of differential REIs was, 
of course, expected, but specific REI information was required before either of 
the project objectives could be purs^ued, 

2. Also as expected, differences in REIs were observed for. different sex, 
race, or social class groups. Table 1 sunmiarizes the data given in detail in 
Technical Reports 3 and 7, 

What was not expected was the small number of word and picture pairs show^ 
ing demographic-group differences. At an alpha level of .05, 60 items in 1,200, 
67 in 1,350, 20 in AOO, and 25 in 500, would be expected to' show groufJ differ- ' 
ences by chance, hence much of. the results shown in Table 1 can be considered to 
be cHance results. Neither sex nor social class appears to have had. auch effect, 
on REIs. The absence of sex effects was expected but the absence of social 
class effects was not. In retrospect, perhaps By minimi'zing the influence of * 
word knowledge (vocabulary level> through the restriction of words used to the 
first 5,000 or the Ath gr^de level, the ' influence of social class on the REIs 
was effectively eliminated or minimized. 

The exception to the nonsignificant findings was the presence of soae 
race effects. Table 1 shows that rac'^^C^ite vs. nonwhite) is a factor (where 
sex and social class may not be). Even at this low vocabulary level, the educ- 
tion of relations (cognition of relations) differs perceptibly for the two 
race groups. !(One is tempted to extrapolate to the well-documented finding 
of rac^ differences, favoting whites, on verbal analogy tests, The present 
finding of race effects bears further investigating.) ' 

V 

Surprisingly, too, more effects of sex, race and social cla^ss are seen ±w 
the picture pairs than in the word pairs. Again, this could be due' to the low 
vocabulary level used for the word pairs, or alternatively, to the quality of 
the drawings used in the picture pairs. «^ 

■ i2 ■■ 
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Table 1 



*aber of El«««jt Pairs with Significantly (P<.05) 
Oifferl^ EBIs for Sex, Race and Social Claps Grot^s, 
■»T Ir?*. 9f Element Pair and Ty^e of Relation 
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12 
23 



38 
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17 



ERIC 




-10- 

A final, obvious, finding shown in Table 1 is that the effect (whakeyer 

there is) of sex, race and social class on relation eduction appears to be 

differential £6r the* dif f erent . relations . t * 

^ 3., The results of comparing the performance of hlgft and low social class 

groups on specially constructed biased-high, biased-lqw and unbiased verbal 

♦ • 

analpgies are -sumnarized in Table 2. > 'J 

Table 2 shows a^ significant difference in average perfonumce between ^tgh 
and low social class groups on the biased-high and unbiased tests. In bot^kr' 
cases, X\i% difference in n^ans is small and favors the high social class group. 
Since these groups were "extreme" groups (i.e., upper and lower 25Z) , the finSf 
Ings shown in Table 2 appear to support the previous observation that tte 
effects of social class as a biasing factor are small, if any, on the kind of 
verbal analogies used in this study. 

% 

Analysis of variance using a two-factor, repeated measures design (with 
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social class and items as the twb factors^, repeated measures on items) showed 
only one significant source of variation: the items.^ However, chi square anal- 
ysis of item response distributions (response by social class group), undertaken 
separately for each it«a and for each sex-by-sample subgroup, yielded only six 
significant findings at the .05 level out of a total of 168 separate chi square 
tests conducted. Again, these analyses fall to find any clear effects of 
social class/ 

Three observations might be made about these results: 
1. If the REI data are reliable, one would expect that the advantage 
in performance would lie with the favored groups on the biased tests (or items) 
and with neither group on the unbiased tests (or items) . Considering the 
three-stage Spearman process of analogical r.easoning (apprehension of elements, 
eduction of relations, eduction of correlates), the preset study attempted to 
eltainate any advantage at the apprehenston-of-elements stage, and to give the 

14 



Table 2 

Performance of High and Low Social Class Groups 
op' Biased-High, Biased-Low, and Unbiased 
Verbal Analogy Tests 



Test 



Group 



N 



SD 



1. Biased-High 


Hi^h 


127 


5.92 

4 


1.79 

« 


1.98* 




Low 


112 


5.42 


2.02 




2. Biased-Low 


High 


1?7 


5.33 


1.73 


1.37 




Low 


112 


5.02 


1.79 




3. Unbiased 


High 


12^ 


12.38 


3.13 


2.18* 




Low- 


112 


11.44 


3.49 





*P<.05 



i 

padviistfrge to the favored groups at the eduction-of-relations stage. If this 

'I 



I "treatment" was successful, a finding of "no difference" in performance on the- 
j Mased tests would lead one to suspect an offsetting advantage at the eduction- 
f ^<?f-correlates stage. Such an offsetting advantage wpald obtain if, for example, 

•It were true that tl\e high social class group was superior to the low social' 
. ^lass group in the ability to reason analogically. High social class superiority 
• H analogical reasoning ability would account for the lack of a difference on 
, .the biased-low test and the significant difference favoring the high social class 
■_gr|)up. on the unbiased test. However, it would not account for the barely per- 
, ceptible^ffereilV^n the biasedj-high test. On this test, the difference 
s^l^ld have beenJ^mu^h-Jitera iVonounced. Furthermore, the item data do not sup- 
an hypothesis' of high social class superiority in analogical reasoning 
ty. . ■ ■ 

2. Thfe preceding analysis— again, assuming that the "treatment" in ptie 



idy "took;" resulting in no advantaTge at the element-apprehension stage and 

if 



In advantage to the favored groups at the relation-eduction stage— would lead 
lie to suspect that perhaps the critical ability in analogical reasoning (i.e., 
ha essence of analogy) is the ability, in the Spearman formulation, to educe 
jffotrelates, or more precisely for this study, the ability to see the same 
'Relation that binds the elements in both the stimulus pair and the response 

j|r . ' 

^ V^lr. Even an advantage in educing relations does not appear materially to help 

^ ' . i; • . 

fcj^e favored groups. While the data in this study are consistent with this 
4fpo thesis (that the critical ability is educing correlates), the study was 
hdt designed to test it, and the h^^bthesis at this point remains speculative. 

3. It also appears from the data in this study that the superiority of ' 
hij^ Social class groups on verbal an^riogy tests may, in large measyre, be due 
^ to the advantage in word knowledge held by the high social class* groups. When 

this advantage is nullified, ^s in this study, the superiority of the high social 
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class groups is very tenuous, aj 1 individual^4if f erences in analogical reasoning 
ability corae to the fore. 

Finally, the results of th^^tudy on the hierarchickl ordering of relations 
(Monson 6r Dawis, 1975) provide ^^ence^ that in ambiguous situations certain 
relations. are consistently prefixed over others in the solution, of verbal anal- 
ogles. There appears to be cl^^ preference for Cause-Effect, Opposite, Con- 
version/Process in that (desoendftng) order, and clear preference against 
Order/Time, FunctionaVi^"an4 Clas^-Member in that (ascending) order. This hier- 
archical ordering of preference {or relations, however, is based on aggregated 
data, and there is ample avidence of individual differences in hierarchical 
order of preference. • 

» 

Two implications of these (hierarchical ordering) findings might be 
pointed out: 

1. Cultural group differences, e.g., sex, race, and social class diffeP- 



^ encgs, in>-anaiQgy test perrQrmanc e"ma> lie, lu part, iu cultural dif f tiieiictj;^ lu 
the preferred hierarchical ordering of relations. Thus, the item writer may 
unwittingly favor his/her cultural group when constructing analogy items', result- 
ing in a spurious finding of superiority for the' favored group on tests of 
analogical reasoning. 

r 

2. The finding of a hierarchical ordering of preference for relations 
raises the question of its origins. One wodld expect to find answers in 

#■ 

developmental studies similar to those conducted by Piaget on logical thinking. 
The interesting question would concern the relative contributions of maturation 
"and culture to the development of such hierarchical ordering of preference for 
relations . * ' 

Conclusions ^ ^ 

This project had two objectives: generally, to study the process of anal- 
ogical reasoning, and specifically, to investigate the effects of social class 

■ o 
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on this process. The results of this ^project lead to the following conclusions 

The Spearman formulation of analogical reasoning as a three-stage process 
(apprehension of elements eduction of relations and eduction of correlates) 
appears^ t(^ be useful in the study of analogical reasoning. In this project, 
minimizing the role of the first stage (element apprehension) and manipulating 
the second stage (relation eduction) resulted in rtie unexpected finding of N 
minimal effects attributable to social class. Thus it might be Concluded that 
the social class variable exerts its influence primarily at the first stage of 
the analogical reasoning process, i.e., in the appreliension of the el^*^^. 
Little evidence j^s found in this project for so^al class effects in the total 
a^a^gical ^reasoning process\hen social class effects in the apprehension of 
elements were minimized. ^ > ^ 

, The findings^ in this projet^also lead to the hypottiesis that the most 
important stage in the analogical reasoning process is probably the third stage, 
_ t he eduction of correlates. It appears t hat an advanta g e at the second (educ - 
tion of relations) stage is cfot compelling and can be overridden atl the third 
stage. In any event,' if cultural advantage is eliminated or minimized at the 
first (apprehension of elements) stage, culture (specifically, in this study, 
social class) appears to exert only ^Chiimal influence- on verbal-analogy-test 
p^l!^ormance ; . • 

finding of a hierarchical ordering of relations preferred (i.e., 
utilized) in analogy problem solving adds to the explanation of the well- 
doptn^ented social class differences in- analogy' test performance. In addition 
t9_^and probably combined with) the influence of the word-knowledge (vocab- 
ulary level) factor— Ohlch appears to be^he primary /factor — the relation 
preferences of the. analogy test constructor may artif actually help give the 
advantage to the test constructor's cultural group. 

Thus, the effects of socialj class on the analogical reasoning process 

18 • • ' 



are contingent on the element;s and possibl^ on the relations chosen for use 
in analogy tests. 
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